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Abstract. - Lepisosteidae are ram feeding fishes with caniniform teeth on their upper and lower jaws. The teeth 
are constituted of a cone of dentine with an apical cap of acrodin, and are fixed to the jaw bones by bone of 
attachment. The external surface of the teeth is ridged from their base till the base of the apical cap. The wall of 
the pulp cavity, shows radially-oriented folds that are characteristic of plicidentine. The enamel layer takes part 
in this folding that characterizes the polyplocodonte type of plicidentine. The primary and secondary bone tis¬ 
sue that constitutes the tooth supporting bone are both cellular and they contain canaliculi of Williamson that are 
frequently branched. 


Resume. - Les caracteristiques histologiques des machoires et des dents orales du lepisoste a museau plat, Lepi¬ 
sosteus platostomus Rafinesque, 1820 (Lepisosteidae). 

Les Lepisosteidae sont des predateurs ichtyophages qui possedent des dents caniniformes sur leurs machoi¬ 
res superieures et inferieures. Ces dents sont constitutes d’un cone de dentine avec une coiffe d’email (acrodine) 
et elles sont ancrees sur la machoire par de Los d’attache. A la base de la dent, la surface exteme de la dentine est 
finement striee et les parois pulpaires montrent des replis de dentine, deux caracteristiques revelant la presence 
de plicidentine. Cette plicidentine est localisee assez haut dans la cavite dentaire tout en conservant des replis 
simples, soutenus par des invaginations de l’email. Ces invaginations dans les plis caracterisent le type polyplo¬ 
codonte de plicidentine. Le tissu osseux primaire et secondaire des os dentigeres renferme des osteocytes et est 
traverse par de nombreux canaliculi de Williamson qui peuvent se ramifier plusieurs fois. Le tissu osseux loca¬ 
lise au voisinage des dents est soumis a remaniement. 


The Neopterygii, represented by the Teleostei and the 
Holostei, form the principal and most derived group among 
Actinopterygians. Although teleosts are the dominant group 
since the Late Cretaceous/Tertiary, and now represented by 
31,000 living species (Froese and Pauly, 2016), its sister- 
group, the holosteans, that had their main radiation during 
the Mesozoic (Hurley et al., 2007; Friedman, 2015), still 
have few living species. 

The Super Division Holostei, Muller (1844), is formed 
by the Ginglymodi (with one extant family, Lepisosteidae) 
plus the Halecomorphi (with a unique living species, Amia 
calva). Extant lepisosteids, or gars, are restricted to North 
and Central America, Cuba, and Juventud Island. This fam¬ 
ily is represented today by seven species within two genera, 
Lepisosteus (5 species) and Atractosteus (2 species), which 
in turn represent the evolutionary remnant of a group that, 
by the end of the Mesozoic and during the Tertiary, was dis¬ 
tributed in South America, Africa, India, Europe, and North 
America (Brito et al., 2006, 2016; Grande, 2010; Nelson et 
al., 2016). This lineage kept its primitive appearance, known 


since the Mesozoic, and, due to its evolutionary conserva¬ 
tism, has been treated as a classic “living fossil” sensu Wiley 
and Schultze (1984). 

Although the two holostean extant families, the Amii- 
dae and the Lepisosteidae, have recently been revised (by 
Grande and Bemis, 1998 and by Grande, 2010, respectively), 
these studies were based mainly on skeletal morphology. So 
the histological study was neglected or treated only superfi¬ 
cially; the same being true for the fossil Ginglymodi (Cavin, 
2010; Lopez-Arbarello, 2012; Cavin et al., 2013). Yet, the 
nature of the external hypermineralized layer of teeth, i.e. the 
cap of enameloid and the collar enamel, has been recently 
specified for Lepisosteus oculatus (Sasagawa and Ishiyama, 
2005; Sasagawa et al., 2009,2014). 

Detailed descriptions of the bone tissues supporting 
teeth, as well as the plicidentine in gar teeth, are scarce 
and relatively old (Agassiz, 1833-1844; Nickerson, 1893; 
Moller, 1940; Peyer, 1968; Schultze, 1969) with a few recent 
contributions (c/. Grande, 2010; Germain et al., 2016). Yet, 
Peyer (1968) published an interesting study of the histologi- 
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cal structure of labial teeth. His descriptions, reproduced by 
Grande (2010: fig. 240), were illustrated with fine colour 
plates but no histological description was given of tooth 
attachment bone (c/. Peyer, 1968). Schultze, describing the 
plicidentine organization in the teeth of the gar (Schultze, 
1969: pi. 20, fig. 1-5), concluded that it belongs to the poly- 
plocodonte type (Schultze, 1970). The spatial organization of 
plicidentine in gar teeth was also recently confirmed through 
tomography and virtual modelling (Fig. 1) (Germain cl al., 
2016). 


In the present study, we provide complementary histolog¬ 
ical descriptions of the teeth and jaw bones of the shortnose 
gar, Lepisosteus platostomus Rafinesque, 1820, an ichthy¬ 
ophagous fish (Lagler et al., 1942). Our study is essentially 
based on ground and polished thin sections of bone and den¬ 
tal tissues observed under transmitted natural light as well as 
microradiographs. 

MATERIAL AND METHODS 



Figure 1. - Lepisosteus platostomus. Tomographic image of a fang 
(black asterisk), and a mid-sized caniniform teeth (white aster¬ 
isk) in the anterior part of the left lower jaw. The tridimensional 
reconstruction of the dentary bone and teeth shows three folds in 
the internal wall of the fang (arrows), which occupy two thirds of 
the pulp cavity. The space indicated by arrows between the narrow 
walls of each fold corresponds to external area of the tooth due to 
the synchronized folding of both the dentine and the collar enamel. 
The pulp cavity of the second tooth also shows two folds (arrow¬ 
heads) along the vertical axis of the shaft. Scale bar = 500 pm. 
(from Germain etal., 2016: fig. 1). 


Material 

Lepisosteus platostomus Rafinesque, 1820; 565 mm TL; 
right and left lower jaws, and dermal scales. 

Methods 

Ground sections. - The right lower jaw and the anterior 
part of the left one were dehydrated in graded series of alco¬ 
hol up to absolute ethanol, then transferred to acetone, and 
embedded in stratyl polymer (Chronolite 2195). Transverse 
and longitudinal sections (150-200 pm thick) were made 
through the right jaw utilizing an Isomet sawing machine 
and then ground down to 50-75 pm in thickness. The sec¬ 
tions were microradiographed with CGR Sigma generator, 
and then observed under transmitted natural and polarized 
light under a Zeiss Axiovert 35. Transverse and horizontal 
sections were also made through the left jaw distal end, and 
then observed in transmitted natural light. 

Some scales were extracted from the right side of the 
flank, anterior to the dorsal fin. Transverse ground sections 
of the scales were produced by the same method utilized for 
the jaws. 


RESULTS 


Morphology 

There are two kinds of teeth in the lower jaws of Lepi¬ 
sosteus platostomus according to their height (Figs 1,2A). 
They are attached either onto coronoid bones (Fig. 2B) or 
the dentaries, and are distributed in three rows. The larger 
teeth are on the labial side of the jaw. They can be separated 
from each other by a few small teeth (Fig. 2). The largest 
tooth is on the anterior part of the jaw (Fig. 2A). The smaller 
teeth form a lingual row, separated from the labial one by a 
median gutter. Patches of small teeth are found at the top of 
the lateral side of the jaw (Fig. 2B). The external surface of 
larger teeth shows thin ridges that nearly reach the base of 
the apical cap of enamel (Fig. 2A, inset). These large teeth 
are conical and sharp, and are constituted of a dentine core 
with an apical cap of enamel, named durodentine (Gross- 
Lerner, 1957) or acrodin (0rvig, 1973 in 0rvig, 1978a, b) 
(Fig. 2B-D). The apical region of each tooth is lightly com- 
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Figure 2. - Lepisosteus platostomus. A: External view of the left lower jaw showing the caniniform teeth on the labial side of the jaw. The 
largest tooth (arrow) is located at the anterior tip of the jaw. On the lingual side of the jaw there are small sharp teeth (arrowheads). Scale 
bar = 5 mm. In the inset a detail of a caniniform tooth showing the external ridges at its base (arrowhead). Scale bar = 1 mm. B-D: Right 
jaw. B: Cross section of the jaw (microradiograph) showing five small teeth inserted on a coronoid bone (upper left) plus a larger tooth on 
the dentary. The white asterisk indicates the unmineralized Meckel’s cartilage on the left hand side of the dentary (de). Scale bar = 2.5 mm. 
In the inset a microradiograph of a caniniform tooth and its attachment bone (bo), also showing its dentine core (arrowhead) with the apical 
acrodin cap (arrow). C: Parasagittal median section of the jaw (microradiograph) showing five caniniform teeth. The dentine folds occupy 
the total height of the pulp cavities. On the left one can also see five hypermineralized acrodin caps. Scale bar = 2 mm. D: Parasagittal 
lingual section of the jaw (microradiograph) showing the small lingual teeth series some of them showing minute mineralized folds in the 
pulp cavity. Scale bar = 1 mm. 


pressed with two opposite lateral lancet-like crests. These 
teeth are typically caniniform and are adapted to the ichthy¬ 
ophagous diet of this species. Microradiographs of longitu¬ 
dinal sections reveal that the axial folds covering the walls 
of pulp cavities are mineralized (Fig. 2C, D). 

Histology 

Teeth 

Teeth are constituted of a cone of orthodentine covered 
by an apical cap of enameloid (Fig. 3A). Collar enamel 
covers the tooth shaft (Fig. 3A, C). Dentine tubules extend 
nearly to the tooth tip underneath the acrodin cap through 
a narrow axial canal that extends the pulp cavity (Fig. 3B) 
beyond the tooth shaft. The wall of the pulp cavity is radi¬ 


ally folded. Both the collar enamel and the dentine layers 
are jointly affected (Fig. 3C). The small teeth have the same 
organization as the large teeth, but they only possess minute 
dentine folds on the wall of the pulp cavity (Fig. 3D). 

Bone 

The osseous tissues in the jaw bones (Fig. 4A, D) show 
long canaliculi of Williamson 1 that cross the bone lamellae 


1 The name “canaliculi of Williamson” has been proposed by 
Tretjakoff (1930) and accepted by the scientific community. It is 
synonymous to “lepidine tubules” of Williamson (1849), “lepi- 
dosteoid tubules” of Goodrich (1913), and “non vascular canals 
of Williamson” of 0rvig (1951). So we will use this name in our 
text. 
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Figure 3. - Lepisosteus platostomus. Left jaw. A: Axial section of 
a caniniform tooth showing the apical cap of acrodin (ac) above 
the dentine cone (de), the collar enamel (en) that covers the tooth 
shaft, the dentine folds in the pulp cavity (pc), and the coronoid 
bone (cb). Scale bar = 500 pm. B: Detail of the apex of the tooth 
showing the odontoblastic canaliculi (arrow). Scale bar = 20 pm. 
C: Transverse section of a caniniform tooth showing the external 
ridges (arrows) and the dentine folds (arrowheads) in the pulp cav¬ 
ity (pc). The dentine is overlain by a thin collar enamel (en) cover¬ 
ing the tooth shaft and participating in the folds. Scale bar =100 
pm. D: The section crosses through three small lingual teeth that 
show minute folds in their pulp cavity. A caniniform tooth can be 
seen at the bottom left. Scale bar = 50 pm. 

more or less at right angles. These canaliculi open either 
at the bone surface of the primary bone, or at the surface 
of the trabeculae in secondary bone (Fig. 4B, C). They are 
more sinuous in the coronoid bones and they are frequent¬ 
ly branched (Fig. 4C). The apical end of the canaliculi of 
Williamson show very thin branching (not illustrated). The 
osseous tissues of the various bones in the jaws show star¬ 
shaped osteocytes with ramified processes that spread in 
between lamellae of the bony tissue (Fig. 4E, F). Reversal 
cementing lines indicate that the bone tissue was remod¬ 


elled here and there, especially in the vicinity of tooth bases 
(Fig.4B,F). 

In the dermal scales, canaliculi of Williamson are rela¬ 
tively straight and they are rarely branched (Fig. 4D). 


DISCUSSION 

Since the proposal of Holostei as a taxonomic unit by 
Muller (1844), at that time yet including polypterids, the 
holostean monophyly has been the subject of several studies. 
Huxley (1861) removed polypterids from this group and the 
holosteans, as such, were thereafter generally accepted (c/. 
Nelson, 1969a, 1969b; lessen, 1973). However, in the early 
1970s, Patterson (1973) proposed the Holostei as a para- 
phyletic group. The lepisosteiforms are the sister-group of 
a clade formed by Amia + teleosts, named the Halecostomi. 
This proposal was accepted until the end of the 20 !h centu¬ 
ry (Wiley, 1976; Gardiner et al., 1996; Grande and Bemis, 
1998). 

The validity of Halecostomi, and the revalidation of 
Holostei were firstly proposed based on molecular studies 
(Normark et al., 1991; Inoue et al., 2009) then corroborated 
by morphological study of the Lepisosteiformes by Grande 
(2010). Therefore, the holosteans were restored as a mono- 
phyletic group. 

Among the characters defining the Lepisosteidae, two are 
significant and constitute a guiding thread of our histological 
study: 1) the presence of canaliculi of Williamson in bone 
tissues, and 2) plicidentine found in all teeth in this group. 

The bone tissues of Lepisosteidae possess both canaliculi 
of Williamson and osteocytes (Williamson, 1849; Hertwig, 
1879; Nickerson, 1893; Stephan, 1900; Goodrich, 1913; 
0rvig, 1951; Sire and Meunier, 1994; Brito et al., 2000) like 
the numerous taxa that are currently ascribed to the Holostei 
(Goodrich, 1913; Aldinger, 1937; 0rvig, 1951; Schultze, 
1966, 1977; Meunier et al., 1988; Meunier and Gayet, 1992; 
Gayet and Meunier, 1993; Thomson and McCune, 1984, 
1994; and others). Curiously, the histological characteristic 
of bony tissues in extant and extinct species more precisely 
the presence of canaliculi of Williamson containing cyto¬ 
plasmic processes, are never used in these various modern 
analyses, which is unfortunate (Meunier, 2011). 

Regarding the presence of canaliculi of Williamson in 
bone tissues, we can note that similar structures considered 
as typically “holostean” features (Goodrich, 1913; 0rvig, 
1951; Sire and Meunier, 1994; Schultze 1996; Meunier, 
2011) are found in the ganoid scales of ginglymods, hale- 
comorphs, and in teleosteomorphs such as pholidophorids 
(Schultze, 1966, 1996) and aspidorhynchids (Schultze 1966; 
Brito and Meunier, 2000). These structures are also found 
in the bones of extant holosteans (Lepisosteidae and Amii- 
dae). In contrast, canaliculi of Williamson are neither found 
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Figure 4. - Lepisosteus platostomus. A-C: Lower right jaw, transverse sections, natural transmitted light. A: Dentary. Primary bone with 
canaliculi of Williamson is dominating but with some areas of secondary bone around some vascular cavities. A patch of multilayered 
ganoine is seen (white asterisk) and the white arrowheads point to small secondary vascular canals. Scale bar = 50 pm. B: Detail of the 
inset 1 of Fig. 4A showing primary bone (bo) and secondary bone (black asterisks) with canaliculi of Williamson (arrowheads) present 
in the two types of bone tissues. Scale bar = 50 pm. C: Detail of the inset 2 of Fig. 4A showing several ramified canaliculi of Williamson 
(arrowheads). Scale bar = 50 pm. D: Scale. Transverse section, natural transmitted light. The bony basal plate (bp) shows the canaliculi of 
Williamson that are relatively parallel and with very few branchings. (G = ganoine). Scale bar = 200 pm. E: Coronoid bone. Detail of bony 
tissue showing several osteocytes (arrows) with their canaliculi. Scale bar = 10 pm. F: Coronoid bone. Detail of the base of a tooth (de) 
showing attachment bone (ab), primary bone (bo) and a vascular canal (vc) surrounded by secondary bone that is discordant (arrowheads) 
relatively to the primary bone. Scale bar = 5 pm. 
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in palaeoniscoids, nor in fossil and extant polypterids, nor in 
teleosts and in elasmoid amioid scales. 

Regarding the presence of plicidentine in Lepisosteidae, 
it is significant that extant Lepisosteidae are ichthyopha¬ 
gous predators considered as ram feeding fishes (Porter and 
Motta, 2004). They have elongate, fusiform bodies similar 
in morphology to that of pikes (Esocidae) that also show a 
predatory behaviour (Webb et al., 1992); they are both fast- 
starts and steady swimming fishes (Lauder and Norton, 
1980; Webb et al., 1992; Long et al., 1996). The elongate 
jaws of gars bear numerous sharp teeth that present similar 
characteristics to Lepisosteidae, especially an apical cap of 
acrodin (Peyer, 1968; Schmidt, 1971), and the plicidentine 
organization on the wall of the pulp cavity (Tomes, 1878: 
fig. 12; Peyer, 1968: pi. 28b; Schultze, 1969: pi. 1-fig. 6). 
In lepisosteid teeth, the plicidentine is constituted of radial 
infolding of the wall of the tooth pulp cavity (Germain et al., 
2016) (see Fig. 1). 

The histological structure of lepisosteid teeth, with their 
cone of orthodentine covered by an apical hypermineralized 
cap of acrodin and surrounded by a relatively thin layer of 
collar enamel was described by Prostak et al. (1989), Ishi- 
yama et al. (1999) and Sasagawa et al. (2012, 2014). Curi¬ 
ously, the teeth look superficially like the odontodes on the 
surface of the dermal scales (Nickerson, 1893; Schmidt, 
1971), except for the internal organization of the pulp cavity 
that is folded only in the teeth, not anywhere on the scales. 
At the tooth base, the external surface is finely striated, espe¬ 
cially on the fangs. Folded internal walls of the basal region 
of the pulp cavity of oral teeth in lepisosteids characterize 
the plicidentine organization of orthodentine (Tomes, 1878), 
and our study confirms the observations made by previous 
authors (Peyer, 1968; Schultze, 1969; Grande, 2010; Ger¬ 
main et al., 2016). Plicidentine is also found in Crossop- 
terygii and in numerous extinct and extant reptiles (Lison, 
1954; Peyer, 1968; Schultze, 1970; Kearney and Rieppel, 
2006; Maxwell et al., 2011a, b; and many others). Among 
Actinopterygii, plicidentine seems to be much scarce. It was 
thought to occur in lepisosteids only (Owen, 1841 in Tomes, 
1878; Peyer, 1968; Schultze, 1969; Grande, 2010; Germain 
et al., 2016). However, true plicidentine organization of den¬ 
tal orthodentine has recently been described in the teeth of 
several predatory teleostean fishes. It occurs in the teeth of 
the lingual dental plate of Arapaima gigas, an Osteoglos- 
somorpha (Meunier et al., 2013), and in the labial teeth of 
Hoplias aimara, a Characiforme (Erythrinidae) (Meunier et 
al., 2015); it is also presumably present in the teeth of sev¬ 
eral predatory Characidae (Characiformes) (Meunier et al., 
2015). The basal part of the teeth of the angler fish ( Lophius 
piscatorius Linnaeus, 1758) is partly constituted of plici¬ 
dentine (Meunier, 2015), as well as those of the wolffish 
(Anarhichas denticulatus Krpyer, 1845) (Meunier and Ger¬ 
main, unpubl. obs.). 


Schultze (1969, 1970) had described three types of pli¬ 
cidentine. The teeth of Lepisosteus platostomus fall into the 
polyplocodonte type: pulp cavity filled with primary fold¬ 
ing of orthodentine with collar enamel extending between 
folds. The plicidentine of L. platostomus is far more com¬ 
plex than that found in teleostean teeth because in the latter, 
the external hypermineralized layer of enamel does not enter 
the folds, at least not in the species studied to date (Meunier, 
2015; Meunier et al., 2015; Germain et al., 2016). 

CONCLUSION 

We consider that the presence of canaliculi of William¬ 
son in bone tissues is a good indication of systematic affinity 
to the clade Holostei, including here the ganoid teleosteo- 
morphs. For holostean fishes, the presence of plicidentine in 
teeth can be an indication of an affinity to the Lepisosteidae 
family, and suggests a predatory diet for extant and extinct 
lepisosteids. However, the type of plicidentine appears to be 
related to the biting mode and is not a phylogenetically sta¬ 
ble character. 
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